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BASICS

e [orentz force

£ to accelerate and

—:ﬁ’:q(§+6x1§) deflect

B to bend trajectories

e Definition of coordinates

& horizontal position p local bending radius
Yy vertical position R mean radius / orbit
z longitudinal position @ azimuth

e Assumptions madesofar: P, > pgyandp = p,
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FIELDS, FORCES, RELATIVITY

e Acceleration in an RF gap:

oF = /qu (p7 Z,t) dz = qVit (p7 T)
e Magnetic rigidity:

B,p = g . p[GeV/c] ~ 0.3 Z B, [T] p[m]

e Relativistic relationships (P = p c¢):

(%

E =B+ Bo=\/P*+ B}, B="
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FIELDS, FORCES, RELATIVITY

e Relativistic relationships:

1
2 _
B+ ? =1
e Relativistic differential relationships:
dE
ap Y
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ENERGY GAIN

e RF energy gain
0By (7) = qVie o1y sin (w,T)  — 0B (¢) = qVissin (@)

e Transit time factor

fgg/280 P, 2) COS (“gf)dz
fgg/ggo Py < dZ

T (p, B) =

e Assumptions:

= 3isnot changing in the computation of T}
= The (p, B) dependence of T} will be neglected
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PILLBOX CAVITY (FUNDAMENTAL MODE)

e Pillbox cavity properties

E, (p,t) = EJy (Xoﬁ) cos (w,t)

Pec

Jp, Bessel function, xo ~ 2.405, w, = Xo0¢/pc

e Transit time factor of pillbox cavity
. X0g
SIn (%pc )

)
28pc

T, =
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OTHER ENERGY GAIN/LOSS IN A RING

e Induction acceleration (smallin large synchrotrons)
TP OB, (0, 0,t
5Eb(P):C_I/ / y(paa)pldplde

e Synchrotron radiation (relevant for lepton accelerators)
2 Q3 4

q° p°E

3€0 ,[)E’a1

0Es (E,p) =

e Selfinduced field

0Eing (7) = qVina (1) = —qNp (A x W)
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SYNCHRONISM IN SYNCHROTRON

e Therevolution period and frequency

c 2
- Y _ TR |
v Bc

e Synchronism condition with RF frequency

2w Pc
0

Bsc
R,

wr =hwys =h
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ACCELERATION

e Acceleration rate (subscript s for synchronous particle)

. B
0E; =2mqps RsB, —  ¢s = arcsin (27rp3R3Vy>
rf

e RF frequency program

ke B2 (1)
- 27R, \

fr (2)

e Assumptions: Acceleration with constant R and Ps
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RADIAL DISPLACEMENT

e Momentum compaction factor (subscript O for design orbit/momentum, transition

gamma 7t)

o dR/R _ (Dz), _ 1 _AR/Ry _ AR/R,
" dp/p R~  Ap/py  Ap/p,

e Phase slip factor

dwo/wo B dTO/TO B i N _Awo,o/wO,() N _Aw073/w0,8

_ — p— = Xy — AN AN
" dp/p dp/p P2 Ap/po Ap/ps

e Assumptions: Radial displacement with constant By
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SYNCHROTRON DIFFERENTIAL RELATIONSHIPS

dp ,dR dB,
(1) By,p, R ?_%fJFB—y

2) fo,p, R ?Zv—Jrv—

(3) B 9 ’ sy _|_
Yy fO p By fYt f() ,72 D
(4) By7f07R By =7 fO + (7 ’Yt) R
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LONGITUDINAL EQUATIONS OF MOTION

e Energy

d (AFE qVis :
i (50) =S (@) - sin(6.)

e Phase

@ h’r/wO S AE
dt B2E Wo,s
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LINEAR SYNCHROTRON MOTION

e Linear synchrotron frequency

qVithwg ;n cos ¢,
Wsp) — 27Tf80 — T ZWIBEES

e Linear synchrotron tune

Ws0 \/ C_IV;f h"? COS ¢s

QSO - w(),s - 27‘(‘53E8

e Phase stability condition

M cos ¢ < 0
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LINEAR OSCILLATION AMPLITUDE AND
EMITTANCE

e Oscillation amplitude ratio

(AE/w,),, _ BEs B Es 0
— Wso — s0
Agp | w; 0| h2wo,s
e Approximate longitudinal emittance
Tl T‘-/BEES 2
2 4n
minl 1 2
= AE
/BEES Ws0 "
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BUNCH PARAMETERS LINEAR SCALING LAWS

e Bunch length

o 511,{)2 V;f_l/4 p,1/4 Es,_l/4 771/4

e Energy deviation

AE, x ey Vit h/ BYA 7Y/

T
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HAMILTONIAN

2 /AEN\? oV
H_ﬂwr( )+Qf

T 282E, \ w, omhy CO5® ~ COS G5 (9= ) sin ]
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RF BUCKET PARAMETERS

e RF bucket height

sep,m 7Th ‘/,7‘

— COS g +

e RF bucket area (acceptance)

Api ~

Wr

8 [2qVifB2Es 1 — sin ¢,
wh|n| 1+ sin ¢,

e For the stationary RF bucket, the RF bucket length is 27 and Ak = 8A Egep m /wy
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NON-LINEAR SYNCHROTRON FREQUENCY

2
Wy 78
w0 2K (sin %) 16
[
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